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PREFACE 

This publication is written for the purpose of encouraging further de-
velopment of the natural resour'ces of the State of Missouri . The State has 
an abundance of scrub oak and hickory which is idea l for manu fac turing 
hardwood charcoal and which has little or no value at the present time 

The further development of the charcoa l industry in the State of Mis-
so uri is a unique opportunity to turn a li ability into an asset. Scrub oak 
and hickory are a liability in the sense that land containing them usuall y 
has little value, their growth normall y being so dense as to prevent the 
growth of merchantable timbers. For o ther than fi re wood and charcoa l 
there has been little use fo r our large quantiti es of scrub hardwoods. The 
demand fo r these vari eties as fire wood is small. Co nversion to charcoa l 
wo uld produce des irable inco me by provid ing part o r full time empl oy-
ment. 

Any corrections, sugges tions or comments by the readers of thi s pub-
lication made to the author will be apprec iated. 

Columbia, Missouri 
January 15 , 1959 

J. Pi tts J arvi s, Jr. 
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The Wood Charcoal Industry 
in the State of Missouri 
J. PITTS JARVIS, JR. * 

Charcoal-making became significant in Missouri with 
the advent of the iron industry. 51 ' 52 The first iron-smelt-
ing furnace was established near Ironton in 1815 or 1816, 
about four or five years prior to Missouri statehood. 
Iron-making in these early days required large quantities 
of charcoal to provide adequate heat to smelt the ore. 
After smelting, it was necessary to transport the iron. 
Roads, and later railroads, were built in the iron-pro-
ducing areas in Missouri, and the route influences are 
still apparent. Some of the roads are still being used and 
continually improved. 

Farmers sold their produce to the iron workers' com-
munities and provided off-season labor in wood-cutting, 
charcoal burning and other related tasks. Thirty-four iron 
furnaces and forges were to be found in Missouri between 
1815 and 1940. Almost all of them depended on char-
coal for fuel needs. With the discovery in 1921 of a new 
process for coking Illinois coal, iron-making shifted to 
Granite City, Illinois, thus establishing the industry in 
the St. Louis, Missouri area. 

In about 1840, Springfield area labor received from 
50 cents to $1 per day, with some laborers making as 
much as $2. A similar rate prevailed during a period just 
prior to 1939. The minimum wage now set by Federal 
law is $1 per hour. 

In 1840, wood was purchased for 3 7 ½ cents per cord 
and charcoal for 2 'Vs cents per bushel. In 1959, the price 
paid for cordwood in Missouri was from $5 to $9 per 

*J. Pitts Jarvis, Jr., P.E., Associate Director of the Engi-
neering Experiment Station and Assistant Professor of In-
dustrial Engineering, College of Engineering, University of 
Missouri, Columbia, Missouri. 

Note. Upper placed numbers in the text refer to references 
which are listed in the numbered bibliography at the end of 
this publication. 

PART ON~ 
The Past 

cord. Charcoal in turn sold for about $34.00 per ton in 
bulk, truck load lots. 

In 1857 the Meramec Iron Works were improved to 
reduce the charcoal consumption rate to 110 bushels per 
ton of pig i.ron produced. This compares with the 215 
bushels required in the cold blast furnaces at Hanging 
Rock. Meramec was then producing 4,000 tons of iron 
per year. 

The following quotation illustrates how charcoal 
was utilized in early Missouri iron-making. 5 1. 52 

"The furnace was stocked from the top in the fol-
lowing proportions: 640 pounds of ore, 18 bushels of 
charcoal, 40 pounds of limestone and one bushel of 
charred red cedar stumps. Casting took place several times 
daily and in busy seasons extended through the night as 
the plants operated on a 24-hour schedule." 

Charcoal has been known to man since the early 
days of civilization. In the Bible, references to charcoal 
are found in several places: 
OLD TESTAMENT 

Proverbs 26: 21-"As charcoal to hot embers and 
wood to fire ... " 
NEW TESTAMENT 

John 18:18-"Now the servants and officers had 
made a charcoal fire because it was cold, and they were 
standing and warming themselves ... " 

John 21:09-"When they got out on land, they saw 
a charcoal fire there, with fish lying on it, and bread." 

7 



FOREST COYER o, 
MISSOURI 

CONSERVATION COMMISSION 
f[l)[RAL AID TO WILDUIT PROGllAM 

HOn-
BU,OlJ..11A$ua:AJ1: WOOOUJDIS · 
N-"' CCM'll.D FION AtaAL ftl0T0CaA1HI 
C:lnrt: AAA~LUlWAP'Cl'TlU 
STA TI KICHWAT CDll.ltMDIT AIO t1tf: 
IUlt..w Of l'\IIUC 10AM 

FIGURE !-Two-thirds of the commercial forest in Missouri is south of the Missouri River. 

FIG URE 2- Missouri forests are 
predominantly oak and hickory. 
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Location of Natural Resources for Charcoal 
Production in Missouri-Forest Resources of 
Missouri 

The forest area of Missouri in 1956 was 15.2 million 
acres or 39 percent of total land area. 29 Practically all of 
this area is classified as commercial forest land. The Ozark 
region consists of 10.1 million acres, 67 percent of the 
commercial forest area. Ninety percent of the commer-
cial forest area was privately owned, 9 percent federal-
ly owned and 1 percent state owned. 

The annual change in inventory volume for the 
total growing stock in 1947 was an increase of 73.5 mil-
lion cubic feet, or 1.7 percent. The oak-hickory forest 
type is predominant in all regions and occurs on approxi-
mately two-thirds of the commercial forest land."'' More 
than 85 percent of the commercial forest land is occupied 
by other than saw timber. The oak species comprise more 
than 63 percent of all saw timber growing stock. The 
removal of cull trees to make room for trees of better 
quality is one of the major problems in the forest re-
storation program. 

Approximately one-third of the gross board-feet 
volume in all saw timber sized trees in the forest is in 
cull trees. 2 9 This cull timber may be utilized co make 
charcoal. Blackjack oak is considered as normally not 
having commercial value, but is very desirable for char-
coal. Under good management, Missouri's forest land 
could probably support five times the present volume of 
saw timber. 

Of the gross board-foot volume in trees that meet 
saw timber specifications, approximately 12 percent is 
cull material. The cull trees muse be removed to make 
room for trees of better quality before maximum pro-
ductivity can be reached. 

In some areas the receipts for materials salvaged 
from cull trees for charcoal wood, fuel wood, mine tim-
bers or rough lumber for farm use may cover the costs 
of recommended improved cuttings. 

Less than one-third of a saw timber tree finds its 
way into the final product as lumber. The cull and scrap 
wood remaining may be utilized to produce charcoal. 
The Forest Cover of Missouri is shown on page 8 , Figure 
I. It 1s seen that two-thirds of the commercial forest in 
Missouri is south of the Missouri River. 

The native forest vegetation of Missouri is shown 
in Figure 2. Missouri forests are predominantly oak and 
hickory. 

PART TWO 
The Present 

Effect of Saw Logs and Pulpwood on Charcoal 
Wood 

Charcoaling is a desirable technique for good forestry 
programs. For example, a forest undergrown with scrub 
timber was cleared co permit the good pine and saw logs 
to develop. At the rime of clearing a forester rook a core 
drilling of the annual rings in a large pine tree. Ir was 
determined chat the pine tree had grown ¼ inch in the 
past 14 years. One year later the foreseer came back to 
the same tree and took another core drilling and deter-
mined that the tree had grown ¼ inch in its new en-
vironment where the scrub oak had been removed' 

Wood used for pulp in paper manufacturing must 
be of high quality. After this high quality wood has 
been removed , the less desirable wood is suitable for 
charcoal. This practice leaves the best trees co develop 
for saw logs, while thinnings are used for pulp or char-
coal and a ready market is established for all woods. The 
result is a profitable, efficient forestry program. 

Charcoal can be made from tree tops , rhe remainder 
of the saw log tree , saw mill slabs, stave bolt scraps, 
flooring mill scraps and many other wood waste products. 

Missouri forests can never produce maximum returns 
until the inferior species and badly defective trees are re-
moved and replaced by trees of more desirable species 
and quality. Prevailing cutting practices, which concen-
trate on the more desirable grades and species in the 
forests, are increasing the proportion of inferior trees in 
the stand. Relatively little progress can be made in re-
moving these trees until profitable uses for rhem are de-
veloped. The proportion of less desirable materials now 
being utilized for products of low quality such as fuel 
wood , rough construction lumber, charcoal and mine 
timbers could be increased. 

Yields of charcoal from wood bark may be similar 
ro, or possibly greater than , the amount recovered from 
the wood. 

Missouri's Charcoal Production Position in the 
United States 

In 1956 the Central States of the United Scares 
(Illinois, Kentucky, Missouri and Ohio) produced 30,000 
rons of bulk charcoal. 21 Of this amount Missouri pro-
duced more than 70 percent, or 20,100 tons. The central 
stares produced 11 percent of the United Stares produc-
non. 
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Production of charcoal in 1956 was estimated to be 
40 percent higher than in 1955. This increase appears to 
be keeping pace with the growing demand for charcoal 

for outdoor and indoor cooking. 
Figure 3 is a list of the number of kilns in Missouri 

and their sizes in the spring of 1959. 

FIGURE 3 
CAPACITIES OF CHARCOAL KILNS I N MISSO URI 

Volume Capacity in 
No. of Cords 
No. of Kilns 

1-5 6-15 

211 8 

These 408 Missouri kilns had a capacity of 57,500 
tons per year. It is estimated they produced 43,000 tons 
in 1958. The largest quantity charcoal producers favor the 

FIGURE 4-locATION OF CHARCOAL PRODUCE RS, MISSOURI 1959 

10 

16-40 
70 

41-50 

93 

51-75 
16 

Total 
76-100 

10 408 

41-50 cord-volume capacity kilns. 
The location of charcoal producers in Missouri in 

1959 is shown in Figure 4. 



A list of 45 charcoal producers in Missouri is shown in Figure 5. 

FIGURE 5 
CHARCOAL PRODUCE RS IN MISSOURI 

1. Arcadia Charcoal Company Lesterville 27. Parry , I van 
2. Barnhart, K. E. , Charcoal Company Meta 28. Reynolds, Robert, Charcoal Company 

Rou te 1, St. James 
Roll a 

Route 1, Belle 
Route I , Meta 

RFD 2, Birch Tree 
Freeburg 

3. Black Diamond Charcoal Company Aurora 
4. Carnahan , A. S. J. Ellsinore 
5. Charco, Incorporated . . . . . . . . . . . Box 3, J ackson 
6. Craig Charcoal Company . . . . . . . . . . . Summerville 
7. Creech, Raymond . . . . . . . . . . Dixon 
8. Crenshaw, Clyde Box 502, Stover 
9. Deckard Charcoal Company Box 23 , Eminence 

10. Ellis Copeland Charcoal Company Reynolds 
11. Evers, Joe, Charcoal Company Meta 
12. Hardwood Charcoal Company . . . . . . . . . . . Steelville 
13. Holderman , Freddie . . . . . . . . . . Westphalia 
14. J. and M. Charcoal Company Meta 
15. Jenkins, Carl 318 East Miller, J efferson City 
16. Keeter, Vester Bradleyville 
17. Kingsford Charcoal Company . . . . . . . . . . . Bay 

18. Langworthy , A. J. , Charcoal 
Company 

19. Loecke, Alvin 
20. McDonald Charcoal Company 

Belle 
311 West Fourth Street, 

Salem 
Westphali a 

Argyle 
Kansas City 

21. Meta Charcoal Company . . . . . . . . . . . Meta 
22. Milum, Burl Gatewood 
23. Morlen , Ray Ellsinore 
24. Noblett, Eugene, Charcoal Company Route I , Belle 
25. Osage Bluff Charcoal Kilns Route 4, Jefferson City 
26. Ozark Charcoal Company, Inc. Box 363, J efferson City 

29. Ridenhour Charcoal Company 
30. Ripka, Albert 
31. Royal Forest Charcoal Company 
32. Rudroff, John 
33. Schmoll, Robert 
34. Stegeman, Roman 
35. Standard Milling Company 

Charcoal Fuel Divisio n 
Hickory Charcoal Company 

36. Sugar Creek Charcoal Company 

37. Timber Products, Incorporated 
38. T arvid Charcoal Company 
39. Weed , D. J. 
40. Weiberg Charcoal Company 

41. W erdehauser, Ed and Ligers, Bill 

42. Werdehauser, J ohn 
43. Werdehauser, Vick 

44. Wildwood Charcoal Company 
45. Wulff, Victor 

Branson 
Route 3, J efferson City 

Meta 
Owensville 

Meta 
Iberi a 

Henley 
Route 4, Lebanon 

Route 1, Centerville 
Star Route, Argy le 

Freeburg 
Salem 

Route 3, 
J efferson City 

St. Elizabeth 

Box 

Hen ley 
Meta 

St. Elizabeth 
14. Marshfield 

Licking 
Vienna 

Most of the charcoal produced in Misso uri is sold to briquetting plants loca ted as shown in Figure 6. 

FIGURE 6 
CHARCOAL BRIQUETrING PLANTS IN MISSOUR I 

Name of Briquetting Company Location 
Standard Milling Meta 
Kingsford Belle 
Charco, Inc.* (Burned) Meta 
(formerly Ozark Charcoal Co mpan y) 
Briquetting plants under construction 
K eeter Charcoal 
Floyd Charcoal Company 

Branson 
Salem 

•ft is understood that Charco, Inc will rebuild but plans have 1101 been 
announced. 

11 



The Emergence of the Missouri Charcoal Kiln 

The emergence of the Missouri Charcoal kiln is 
shown in Figures 8, 9, 10, 11 and 12. 

The Missouri Charcoal Kiln 

In Missouri the techniques for burning a kiln vary 
greatly from owner to owner and even between groups 
of kilns where an owner has two or more locations with 
different operators. 

The drawings and specifications found on pages 15 , 
16, 17, 18 and 19, figures 13, 14, 15 , 16 and 17, respec-
tively, are presented as suggestions and are recommended 
for the consideration of a prospective builder as a guide. 
The author feels that the availability of the drawings will 
assist a prospective producer to have a basis for a better 
start toward a satisfactory kiln design. 

It is estimated that a Missouri-type kiln can be built 
for $2,000 to $4,000 depending upon the resourcefulness 
of the builder. The lower price assumes the owner to be 
the builder and does not include a wage, the work being 
done in free time. Forms can be constructed out of native 
rough lumber, although ½-inch form plywood.and planed 
lumber are recommended. The higher figure is based on 
a commercial contract price with a liberal profit included. 
(See Figure 7 for some cost cutting ideas.) 

FIGURE 8- This is an improvement of the open pit kiln. 

12 

FIGURE 7-Missouri ingenuity in cutting costs. Note fresh 
cut poles in lieu of sawed timbers. Tar paper seals the cracks 
of economical native rough sawed oak lumber replacing more 
expensive plywood forms . 

FIGURE 9-The earthen covered pit kiln is made of concrete, 
one-third above ground with eight chimneys. 



FIG U RE 11- The Missouri kiln , 
built on level ground, has good de-
sign and workmanship. 

FIG URE 10 - The Missouri kiln 
begins to take its distinctive shape 
threejourths above iround with arch-
ed roof, metal door and eight chim-
neys. 

FIGURE 12-A modern installa-
tion of twenty Missouri kilns with 
supporting service buildings. 
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Description of Construction of The Missouri 
Charcoal Kiln 

FOOTING 

The foo ting fo r the Missouri charcoal kiln consists 
of concrete, steel rein fo rced, 18 inches wide in front and 
rea r and 16 inches wide on the sides. T wo ½ -inch rods 
are located 6 inches from the bo tto m of the foo ting and 
6 inches from each side. The foo ting sho uld be located 
in undi sturbed so il ( no t in a fill ed-in area). Sho uld the 
kiln be constructed in a fill ed-in area , special considera-
ti o n must be g iven to the foo ting to avo id serious foun-
dation fa ilure in the future. The foo ting and floor may be 
made of native washed sand and g ravel , as they are no t 
required to withstand hig h temperatures. 

The fo undatio n should be deep eno ug h to assure 
that the bo tto m of the foo ting is belo w the fr ost line. 
This will prevent the building fro m cracking due to the 
heaving action of frost or freez ing. . 

A notch is provided in the top of the foonng to as-
sist in locking the wall to the fo,oting. . 

One-hal f inch reinfo rcing rods are pl aced vem cally 
12 inches apart around the fo undatio n where_ the wall 
jo ins the footing. These rods should extend 10 inches m-
to the footing and have a 4-inch leg at a 90 degree bend 
to assure a strong bond. 

A recess is made in the foo ting at the center of each 
door so that 'a door stop ca n be d ropped in befo re the 
door is closed fo r firing . These door sto ps will prevent 
the doors fro m warping to the inside of the kiln . 

Two 2- inch drain pipes are loca ted in each corner of 
the drain or low end of the kiln. (See further description 
under jl:0r. See Page 15, Fig ure 13, Sheet l fo r drawings 
and detail s. ) 

FLOOll 

The fl oor is a fo ur-inch concrete slab with 6" x 6" 
#LOI # LO reel rei nfo rci ng mesh. The fl oor has a crown 
down the center line of the kiln and at the low, o r drain , 
end of the kiln the floor lopes 6 inches to either side so 
that the liquor proce sed fro m rhe wood will drain out 
of the 2-inch pipes built in rhe foo ting . (See Page 15, 
Figure 13, Sheet L for drawings.) Any fill under the floor 
hould be of g rave l pac ked over wetted o il to assure a 

firm base fo r floor. 

WALLS AND ROOF 

The wall and roof are made of expanded shale ag-
gregate which ha rhe same coe ffi cient of expan io n as 

14 

the Portland cement with air entraining agent. This will 
minimize crac ks in the kiln under the temperatures en-
countered in charcoaling. Some crac ks are to be expected 
due to the different coeffi cient of expansion of the steel 
and co~crete. The air entraining agents cause minute air 
bubbles in the concrete, and among o ther things, make 
the concrete a better insulator which helps prevent loss 
of heat during the coaling cycle. 

The front and rear wall s are 12 inches thick. The 
sid e wa ll s are 10 inches thick. Thi s thickness provides 
heavy duty construction to g ive added protection during 
loading and unloading abuses. These abuses are, for ex-
ample: the throwing of the cordwood in place and often 
hitting the wall during loading, mechanical equipment 
ramming the wall , automotive truck bumping into the 
walls while loading the kiln. 

Three-eig hth inch thickness bent plates topped to-
gether with a 12-inch I beam on its side fo rm the door 
fac ing fo r kiln protection. 

Each side wall contains four 6-inch diameter tiles fo r 
chimney entrances. A 4 ½ -in ch air inlet hole is located 
hal f way betwee n each chimnev. (See Page 16, Figure 
14 Sheer 2 fo r wall derail s.) 

' One-half inch di ameter rein fo rcing steel rods are lo-
cated 1 foo t on center in the wall and roof. Each inter-
section is tied together with wire fo r additional strength. 

The roof contains seven ventil atio n holes for fresh 
air during unl oading operati o ns of th e kiln. Three of 
these are down the top center line of the kiln and two 
are o n either side. Their exact loca ti o n may be va ried 
within limit s. T o reduce expenses these holes may be 
made from used truck rims cut in half to make two hole 
fo rms fro m each rim . ( See Page l 7, Fig ure l 5, Sheer 3 
fo r detail s. ) 

The rein forcing rods should be loca ted in the center 
of the wa ll s and roof. 

The dimensions of the fo rms fo r the roof are shown 
o n Page L 7, Fig ure 15 , Shee r 3. These dimensions are 
critica l as rhe1· provide desirable des ign characteristics. 

A pipe insrall ari o n in rhe roo f is reco mmended for 
rhermocou pie entrance. 

DOORS 

Doors are large enoug h to provide truck and rracror 
entrance fo r loading and unl oading. The doors for rhe 
kiln are made of ¾ -inch thi ckn ess sreel place fi ve feer 
wide and 8 feer hig h. There are rwo doors closing ar the 
center of each end of the kiln . These doors are each hung 
on 4 sixteen-inch heavy du ry hinges. Fifteen ¾ -inch bolts 
are used to secure rhe door tight on each end of the kiln. 
These bolts are spaced about 1 foo t apart on the top and 
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center overlap of the doors. The head of each bolt is 
welded to one door or the 12-inch I beam flange. A near-
ly perfect seal is required in the cooling phase of char-
coaling. (See Page 18, Figure 16, sheet 4 for details.) 

Undesired air entrances are sealed with clay mud or 
ashes. 

Doors at each end of the kiln provide uninterrupted 
loading and unloading of the kilns when more than one 
kiln is being operated. 

ACCESSORIES 

Six 5 foot lengths of used boiler flue pipe 4 inches 
in diameter, are required for the six air inlet holes in the 
side walls. Four pieces of 13 foot long, 4-inch diameter 
boiler tubes are desirable to pipe air from the doors to 
near the center of the kiln during burning. Seven caps 
are required for the seven fresh air ventilation holes made 
from truck rims. Eight chimney caps are required to plug 
the chimneys during the cooling phase. Two door stops 
are required for the holes provided in the footing. (See 
drawings, Page 18, Figure 16, Sheet 4, for further details.) 

An overall view is shown on Page 19, Figure 17, 
Sheet 5 of the drawing. This view shows the installed 
chimneys. These chimneys should be tied near the top of 
the wall to the kiln to prevent falling. 

A suggested ladder and catwalk are indicated. These 
make ready access to the rop of the kiln. A ladder may 
be used to reach chimney tops for capping and uncap-
ping. 

Characteristics 

The volume of this kiln design is 50 cords. How-
ever, it is expected that only 45 cords of wood would be 
loaded into it for burning. 

Kilns of 2-to-10 cord capacity are estimated to cost 
$50 to $200 per cord of capacity. 26 A 10-cord kiln would 
cost about $2,000. The cost of the Missouri kiln de-
scribed above would be $80 per cord, or 2 ½ times more 
economical than the above mentioned 10-cord kiln when 
compared on a cost-per-cord-of-capacity basis. 

The yields of the Missouri-type kiln are reported to 
be excellent, being in the range of 900 to 1,000 pounds 

·of charcoal per cord of wood. 
The Missouri kiln is unique. It is not classified as 

belonging ro any of the following types : dirt or sod kiln; 
brick beehive kiln; small retort types ; concrete block 
and sheet metal kiln structures; ovens or verticle or hori-
zontal rube-type retorts. 
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A list of materials for the construction of a Missouri 
charcoal kiln is shown in Figure 18. 

FIGURE 18 

LIST OF MATERIALS 

FOR MISSOURI CHARCOAL KILN 

STEEL 

4 pieces ¾" 18" leg x 12" web x 10" leg x 96" Hot 
Rolled (H.R.) Formed Channel 

4 pieces ¾" 60" x 96" Doors H. R. Plate 
220 pieces ½" diameter x 20 ft. H.R. reinforcing Bars 
1 Roll (750 square feet) 6" x 6" #10/#10 Reinforcing 

Mesh 
2 pieces 12" x 14# x 12 ' -6" Wide Flange I beam 
1 roll tyi ng wire 
16-16" hinges 
2 pieces pipe 2" diameter, 20" long 
6 pieces pipe 4" diameter, 5 ft. long ( Used boiler flue 

pipe desirable) 
4 pieces pipe 4" diameter, 13 ft. long (Used boiler flue 

pipe desirable) 
4 used 22" matched truck rims (rims to be cut in half) 
30 bolts ¾" diameter 2" long with hexagonal nuts 
30 flat washers for ¾" diameter bolts 
2 pieces 6" grader blade 11" long 
7 caps ¼" thick, 22" diameter, for holes in truck rims 
8 caps 1h" thick, 7¾" diameter, for caps for 6" tile 

CONCRETE 

Footing 9.5 cubic yards 
Floor 8.5 cubic yards 
Walls 29.0 cubic yards 
Roof 12.00 cubic yards 
Total 59.0 cubic yards 

Walls and roof should be of expanded shale ( Haydite 
or equivalent). 

LUMBER 

(All pressure treated) Ladder and walk 
2 piece 2" x 4" -12 ft. 
2 pieces 2" x 4" -5 ft. 
2 pieces l" x 3" -6 ft. 
2 pieces l" x 4" -3 ft. 6" 
44 pieces l" x 4" -1 8" 

Other Types of Charcoal Kilns 

Other types of charcoal kilns in Missouri are shown 
in Figures 19, 20, 21 and 22. 



FIGURE 20-Over 180 New Hampshire type kilns in Mis-
souri operated as a commercial unit. 

FIGL'RE 21-A battery of twenty Connecticut type kilns in 
Missouri operated in conj unction with a stave and saw mill 

FIGURE 22 -A natural gas fi red kiln that was abandoned 
shortly after completion. 

FIGURE 19 - Modified beehive 
kilns which have been making char-
coal in Missouri since early 1900. 
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How Charcoal Is Made 

Wood charcoal is made by rhe partial burning of 
wood under a reduced atmosphere of oxygen. Should 
all the oxygen (air is approximately 21 percent oxygen 
and 79 percent nitrogen by volume plus moisture that 
may be present) be allowed rhe wood that it could con-
sume, the wood would be reduced to ashes as is the 
wood in a fire place or open camp fire. By skillfully 
regulating rhe air going into a kiln, a high percentage 
of carbon or charcoal can be formed. 

Once a temperature of 400-500° F* is reached, car-
bonization** may proceed without further burning of 
the wood. At this temperature the liquors begin to cook 
out of the wood and an exothermic ( or heat generating) 
process is initiated. The release of liquors , or the chemi-
cal reaction which produces these liquors from the wood , 
generates hear , a limited process of wood burning itself. 

Wood Chemicals 

There was a time in United Scates history when 
charcoal was a by- product , and the liquors produced in 
wood distillation were the primary interests. Synthetic 
chemical producers now do minate this market until it is 
considered uneconomical for an y new producer co enter 
rh e field. Many of the original producers have been 
forced out of business. In 1920 there were over 100 such 
plants. By 1956 o nl y five planes were making any effort 
ro recover rhe wood chemicals. These five plants have 
unusual cond itio ns which justify their continuation at 
that time. 

Kiln Operation 

The process of making charcoal in the Missouri-
rype kiln is simple. The initial hear to start rhe making 
of charcoa l is obtained by burning a pare of the charge 
to bring the re mperarure up to 400 ° ro 500 ° F. This 
charge consists of about ¼ of a cord of brands,*** usually 
located in the center and near the floor of the kiln. The 

*400-500° F. is the normal combustion temperature of 
wood. 

**Carbonization as here referred co is the chemical process 
of changing wood into carbon or charcoal. _ _ 

u* A brand is a piece of partially processed wood wh1Ch did 
not convert inco charcoal in a previous burn . 
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wood in the kiln then converts to charcoal in the pres-
ence of a limited amount of air under a desirable tem-
perature of about 900° F. 

After the carbonization has been completed the kiln 
is completely sealed (as a kitchen pressure cooker is 
completely sealed during cooking). The fire is then 
smothered and allowed to cool down to near ambient 
temperature before the charcoal can be removed from 
the kiln. The cooling time normally takes two weeks or 
less. 

The charcoal may then be taken to a briquetting 
plant or bagged for sale as lump charcoal. 

Safety Precautions 

Sudden entrance of large amounts of air into a burn-
ing kiln may cause an explosion. Numerous minor ex-
plosions have been reported in Missouri with no personal 
injuries . The most serious explosion reported was the 
partial destruction of a kiln . The top was blown off. The 
person closest to the kiln was ¼ mile away. See Figure 
23 . 

It is commonly reported that kilns " puff," and lids 
o n air ventilation holes in the top are blown off Care 
should be taken whenever possible to prevent these oc-
currences by barring against large sudden entrance of air 
into the burning kiln. 

FIGURE 23-The results of an explosion during charcoaling, 



Properties of Charcoal 

The properties of charcoal will vary with the wood 
from which it is made and the conditio ns under which 
it is made. In general , it may be said that the amount of 
charcoal produced will vary in direct proportio n to the 
weig ht per cubic foot of the original dry wood. In other 
words, heavy woods such as oak and hickory will pro-
duce a greater weight of charcoal per cubic foot of wood 
burned . The greater the weig ht of a specifi ed volume of 
charcoal of a given quality, the greater will be the amount 
of carbon available for heat. Lig hter woods such as wil-
low and cotton wood will produce a lesser weig ht of 
charcoal per cubic foo t of wood burned. 

Since charcoal is so ld o n a weig ht bas is, by the 
pound or by the to n, it is des irable to use the heavier 

FIGU RE 25- When charcoal is made in the Missouri kiln 
about three-fourths of the weight of the original wood is lost 
and about one-half the volume. See Figure 24 f or comparison. 

woods. In additi on, oak and hickory were used in the 
old smoke houses for curing mea t, so tradition demands 
oa k and hickory. Most spec ies of wood will make good 
charcoal if properl y trea ted. H owever, if a resin-type 
wood such as pine is not properl y trea ted, the resulting 
charcoal will be unsuitable for cooking purposes. Res ins 
of the pine will coo k o ut o f the burning charcoal and 
transmit an undesirable tas te to the food being cooked. 

In making charcoa l, the weig ht of the wood is re-
duced to about ¼ of its orig inal weig ht, and its volume 
is reduced to about ½. Therefore, it is obvious that char-
coa l should be made near natura l resources, the forest, 
fo r then substan ti al transportati o n costs are materi all y 
reduced. See Fig ures 24 and 25 . 

On a weig ht bas is, charcoa l is nearl y equ al to the 
heating value of hard coa l.• Charcoal is almos t smokeless 
and odorl ess, and burns with a red g low in day lig ht. 

FIGU RE 24-A Missouri kiln loaded, ready to be lighted. 
Note air ventilation ducts fa rmed at bottom of wood. 



Charcoal Quality 

Good quality industrial charcoal has a fixed carbon 
content of 75 to 82 percent, the remainder being volatile 
matter, moisture and ash. An outstanding characteristic 
of wood charcoal is its low sulphur content. For this 
reason it is sometimes preferred to other industrial car-
bons. Sulphur content seldom exceeds .05 percent.39 

A low ash content on a dry weight basis is less than 
1.5 percent. A high ash content is over 3.5 percent, and 
medium ash content ranges between 1.5 percent and 3.5 
percent. 

Volatile matter for charcoal , measured by the Ameri-
can Society of Testing Materials (ASTM) methods, is 
expected to be 16 to 22 percent for medium tolerances, 
22 to 28 percent for high, 5 to 16 percent for low and 
less than 5 percent devolatilized. 

Volatile matter and ash content are often considered 
as suitable measurements for charcoal classification. High 
volatile matte; and ash content are indications that the 
carbonization process was not completed ( the final tem-
perature was below 750° F.) . 

Moisture content of manufactured charc9al will vary 
with the final temperature of carbonization from 21 per-
cent at 302 ° F. to 2 percent at 2732 ° F. Moisture con-
tent above 8 percent may indicate poorly made charcoal , 
or that water has been added to good charcoal. 

Bulk charcoal varies in weight from 6 to 12 pounds 
per cubic foot . 

The above applies to industrial charcoal. Most Mis-
souri charcoal goes to domestic markets which are gen-
erally not as restrictive concerning quality as are indus-
trial markets. 

There have been few cases reported of bad charcoal 
being produced in Missouri. Most charcoal produced in 
Missouri has been of high quality. 

Quality Control 

A me_thod which ~ay be adapted to the sampling 
a~d analysis of charcoal 1s contained in ASTM* Designa-
tion: D 271-48 ; Standard Methods of Laboratory Sampling 
and Analysis of Coal and uke. 

It is understood that a specific method of charcoal 
analysis is being prepared by Forest Products Laboratory, 
Madison, W isconsin, for consideration as an ASTM 
standard. 

*ASTM: American Society of Testing Materials, 1916 Race 
Street, Philadelphia 3, P~nnsylvania. 
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United States Government specifications for char-
coal may be found in the Federal Standard Stock catalog, 
Section IV (Part 5) , Federal Specification for Charcoal, 
LLL-C-251. Copies may be purchased from the Super-
intendent of Documents, Washington, D. C., for 5 cents. 

Federal regulations pertaining to the transportation 
of charcoal may be found i•n Title 49-Transportation, 
Parts 71 to 90, of the Code of Federal Regulations, Chap-
ter I, Interstate Commerce Commission. This publica-
tion may be purchased from the Superintendent of Docu-
ments, United States Government Printing Office, Wash-
ington 25 , D. C. 

Production of Charcoal in a Masonry Block Kiln-
Structure and Operation, (item number 19 in the biblio-
graphy) is recommended for an yone contemplating pro-
duction of charcoal in Missouri . Whereas the concept is 
for a 7-cord kiln , the basic information contained therein 
is in man y cases readil y adapted to the Missouri kiln 
described. 

For an extensive bibliography of wood distillation 
which encompasses the making of charcoal , see item 
number 44 in the bibliography. 

The bibliography at the end of this report may pro-
vide basic sources of reference for those persons desiring 
to undertake a more serious study on charcoal making. 

Markets 

The national trend to use charcoal for indoor and out-
door cooking makes charcoal one of the fastest growing 
products in food stores today. 23 Surveys indicate 9 out of 
10 families eat some of their meals out-of-doors. Six of 
10 families eat out-of-doors regularly, averaging 18 cook-
outs per year. Many houses being built today have provi-
sion for charcoal cooking in the kitchen or family room. 
Many people cook in their indoor fireplaces. From 1952 
to 1957 charcoal briquette sales have increased from 
60,000 tons to an estimated 140,000 tons- an increase of 
133 percent. 

For several years prior to 195 7, demands for charcoal 
often exceeded production. 8 In June, 1957, it was re· 
ported6 0 that the increased demand for charcoal was not 
being met by present production. 

Charcoal Marketing in the United States 

In 1955 and 1956 the United States production was 
238,000 and 265 ,000 tons respectively.6 

This is probably a reasonable approximation of con-
sumption in those years since carry-overs and import ap· 
pear to be negligible. 



Two separate statewide studies in 1955 (Wisconsin57 

and Iowa62 ) consistently revealed grocery stores as the 
leading outlet, hardware stores second, fuel and lumber 
dealers third, with others accounting for less than 16 per-
cent of charcoal sold retail. 

See Figure 26 for example of type of retail outlets 
selling charcoal in a selected area. 

In 1954, Vermont produced no charcoal commercial-
ly, although she consumed 382,504 pounds consisting 
of about 35 percent lump and 65 percent briquette.1 De-
mand exceeded supply during the summer months. This 
data is based upon a total of 106 merchants surveyed. 
This demand relationship is described as nationwide. 

The merchants selling both lump and briquette 
charcoal reported that one form sold equally as well as 
the other. The larger amount sold as briquettes probably 
can be attributed to its greater availability. 1 

In Iowa the sale of charcoal increased 160 percent 
between 1954 and 1955 with price remaining stable at 10 
cents per pound retail. 62 

The amount of charcoal consumed in Wisconsin in-
creased by about 50 percent from 1954 to 1955.57 

Approximately 75 percent of all charcoal marketed 
in Wisconsin was in the form of briquettes.57 This is 
believed to be due primarily to the fact that only occa-
siona lJy is a customer allowed a choice between lump 
and briquette. 

FIGURE 26 

EXAMPLE OF 

TYPE OF RETAIL OUTLETS SELLING CHARCOAL6 2 

Grocery stores 
Independent hardware stores 
Chain hardware stores 
Retail mail orders 
Lumber dealers 
Fuel dealers 
Drug stores 
Sporting goods 
Auto supply 
Auto dealers 
Miscellaneous ( fuel dealers, 

hobby shops, etc.) 

Number 
485 
313 
159 
34 

188 
86 
34 
30 
72 
48 

12 
1,461 

Figure 27 shows the volume of charcoal sold by popula-
tion of a selected marketing area. 

FIGURE 27 

EXAMPLE OF 

CHARCOAL SOLD BY POPULA TION OF MARKETING AREA' ;" 
----------------- ---- -

Population of 
marketing area 
Over 25,000 
10,000-25,000 
5,000-10,000 
1,000-5 ,000 
Under 1,000 

Market Quotations 

Volume sold 
per capita in pounds 

.794 

.765 
1.457 
.667 
.093 

Market quotations of charcoal may be found in the 
" Oil, Paint and Drug Reporter," published weekly on 
Monday by the Schnell Publishing Company, Inc. , 30 
Church Street, New York 7, New York. 

The following prices are indicated from the January 
11 , 1960, issue. Figure 28. 

FIGURE 28 

Charcoal, hardwood, lump, bulk, Cl. , 
f.o .b. plant con 

briquecs, bulk, Cl., f.o.b. plane 
5 lb. paper bags, Cl., f.o.b. plane 

Charcoal, hardwood, briquecs, 40 lb. 
paper bags 

Cl., f.o.b. plane ton 

Low 

$ 55 .00 
$ 78.00 
$106.00 

$ 84.00 

Figure 29 states railroad freight rates from a central 
location in Missouri to possible market areas in the 
United States. 

25 



26 

T o 
Dallas , Tex. 
Houston , Tex. 
New ·York, N. Y. 
Pirrsburgh, Pa. 
Detroit, Michigan 
Boston, Mass. 
Denver, Colo. 
Chicago, Ill. 
Kansas City, Mo. 
St. Louis, Mo. 
New Orleans, La. 
Atlanta, Ga. 
Jacksonville, Fla. 

FIGURE 29 
Railroad Freight Rates 
G TM, CRI & P RY. 

META, MISSOURI 
RATES IN CENTS PER 100 POUNDS 

Less than car Capacity of car 
load !or in pounds 
(L.C.L. ) 26,000(R) 60,000 

269 80 65 
329 97 78 
416 122 (R) 97 
318 94 (R) 76 
282 84 (R) 67 
444 128 (R) 104 
324 96 77 
228 67 56 
150 47 38 
135 (1) 37 
335 99 79 
314 93 75 
383 11 3 90 

Los Angeles, Cal. } 225 
697 (3) 140 

Seattle, Wash ington ( 4) 203 (2) 
Phoenix , Ariz. 561 182 (3) 140 

( R) Subject to Rule 34 of U. F.C. No. 4 or W estern Classification . 
( 1) Minimum 2~,000, subject to ( R). 
(2) ](1inimum 40,000. 
(3) In cars not over 41 feet 6 inches in length . 
(4) Minimum 36,000. 

Tariff Authorities 

SWL 141-A, 1006 and 2006-B. 
CTR 1010 and 2010-0 . 
WTL 1000, 2000-F, 1039, 1001 and 2001-F. 
TCFB 1-G and 101~. 

Capacity of car 
in pounds 

30,000 60,000 

80 65 
97 78 

122 97 
94 76 
84 67 

128 104 
96 77 
67 56 
47 38 
37 
99 79 
93 75 

113 90 
225 

(3) 133 
203 
182 (3) 133 



A Word of Caution 

A report by the Southeastern Forest Experiment 
Station60 in !une, 1957, based on a study of three types 
of charcoal kilns of up to two cords capacity, stated: on 
a basis of present-day prices for wholesale charcoal none 
of the ki_Ins st~died showed a safe margin of profit. Op-
portunmes to increase the profit margin lie in mechan-
izi~g ~he handlin_g of wood and charcoal, operating bat-
tenes instead of single kilns, obtaining cheaper wood and 
using larger kilns. 

Many variables enter into the production of char-
coal, and the presence or absence of any one or a combi-
nation of several may drastically change the entire pic-
ture. 

Utilization of Modern Techniques in Charcoal 
Production 

Ralph Peter,4 1 in his paper, "An Inexpensive Meth-
od for ~easurin?. ~harcoal Kiln Temperatures," gives 
full details o~ uttl1Z1ng thermocouples in controlling the 
temperature m a seven-cord kiln. 

The author had satisfactory results in using the 
method suggested by Mr. Peter. One owner of kilns in 

,/ T 
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PART T~REE 
The Fut:ure 

Missouri was concerned about having 4 to 6 feet of 
brands in the bottom of his kilns after each burning. As 
a research project , one kiln was instrumented with 28 
thermocouples for measuring temperature (see Figure 30 
and 31). A study of the data taken revealed that over 14 
percent of the volume (at the bottom) of the kiln did not 
reach 400 ° F. A desirable temperature for making char-
coal is 900° F. 

It is concluded from this test that one vertical in-
stallation of four thermocouples every 3 feet apart would 
give desirable control for an experienced operator. Un-
usual terrain, weather conditions, kiln design and the 
owner's personal preference may influence the number 
and arrangement of the thermocouples. 

A heat exchanger* to reduce the cooling time of the 
kiln after the charcoal has been made is suggested by 
Fred C. Simmon.48 In a 9-cord kiln , the use of a heat ex-
changer is _reported to have reduced the cooling period 
from 6 to 3 days. 

*A heat exchanger in this case would be a device which 
would take the hot gases trapped inside the kiln upon 
completton of burning and cool them to near ambient or 
outside air temperature. The kiln would then be cooled in 
less time than required by waiting for it to give up its heat 
gradually through the walls, doors and roof 

FIGURE 30-A thermocouple head 
for joining extension and the ther-
mocouple wires can be seen in this re-
search set up. 
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FIG U RE 31- An instrument panel f or twenty -eight thermo-
couples used in instrumenting a kiln for research. 



PART FOUR 
Conclusions 

There exist in the State of Missouri hundreds of thousands of acres of 
scrub Jak hardwoods ideally suitable for charcoal making. Adequate labor 
is also available for the harvesting of this wood. 

A Missouri charcoal kiln has been developed over many years by trial 
and error by many people. This kiln is unique and very efficient for the 
production of charcoal. 

With an investment in a oharcoal kiln or kilns, part time employment 
could be provided in remote areas of Missouri in the cutting of cordwood 
and producing of charcoal. The duration of employment may be varied 
with the intensity of the charcoal enterprise. Additional cash will then be-
come available to bolster local economies. 

In the United States since World War II, there has been a significant in-
crease in the demand for charcoal, primarily as a backyard "cooking out" 
fuel for the preparation of famil y meals and for indoor cooking. 

Many areas in the United States are unable to obtain charcoal for 
several months during the year due to depletion of the supply. 

Where there are people, there are people eating. One to two percent 
of these people demand charcoal-cooked food and are willing to pay a pre-
mium price for this special fuel. 

With the current trend established in charcoal demand and with the 
forecasted increase in the population of the United States in the next 10, 
20 and 30 years, the outlook for a continued growth in demand appears 
good. 8 

Missouri has the natural resources, labor and knowhow to produce 
charcoal to help meet this growing demand. 
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